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Abstract 
An estimation of the properties of helium is carried out on the basis 
of a literature survey. The ranges of pressure and temperature chosen 
are applicable to helium-cooled atomic reactor design. A brief outline of 
vhe theory for the properties is incorporated, and comparisons of the re-
commended data with the data calculated from intermolecular potential 
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1. INTRODUCTION 
Calculations of the heat transfer and the temperature in the core and 
the heat exchangers of a helium-cooled reactor require knowledge of some 
of the thermophysical properties of the helium gas, and the same applies 
to the treatment of observed data in heat transfer experiments. 
The properties treated in this report a r e the density, the specific heats, 
the thermal conductivity, and the viscosity. 
The gas properties a r e only known with a certain accuracy, and it i s 
therefore necessary to survey the existing experimental and theoretical data 
in the l i terature to establish a set of recommendable data. The data resul t -
ing from this survey a r e presented as equations in o rder to facilitate the 
use of computors, and it is shown that very simple equations suffice to ex-
press the data with ample accuracy. Two equations a r e presented for each 
property, one in t e rms of the absolute temperature, T, in Kelvin and the 
other in te rms of the rat io T /T , T being the absolute temperature at 
zero degrees Celsius, equal to 273.16 K. The ranges of p ressure and 
temperature considered for the data a r e 1 to 100 bar for p ressu re and 273 
to 1800 K for temperature. 
The Prandtl number is a combination of the properties which is often 
used in thermodynamic calculations, and for that reason equations a r e also 
presented for this quantity, 
2. SUMMARY OF RECOMMENDED DATA FOR HELIUM 
AT 1 TO 1 00 BAR AND 273 TO 1 800 K 
kg unit of mass , kilogram 
m unit of length, metre 
s unit of time, second 
N unit of force, newton, kg* m / s 
J unit of energy, joule, N * m 
W unit of power, watt, j / s 
P pressure , bar , 10 N/m • 0.9869 phys. atm 
T absolute temperature, K 
T abs. temperature at 0 °C • 273.1 6 K 
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Gas Law of Helium 
P • 10"* 
2077.S* p • T * Z • (3-2),(3-3) 
where p is the density, and Z is the compressibility factor: 
Z = 1 + 0.4446 - £ , = 1 + 0.530 • 10"3 £»-» . (3-18) 
r-' {T/TO)'-,J 
The standard deviation, o , is about 0.03% at a pressure of 1 bar and 
0.3% at 100 bar, i. e. a - 0. 03 • VP%. (3-20) 
Mass Density of Helium 
P = 48.14 f [ l + 0.4446 -J75J (3-19) 
• 0.17623 ^ [, • 0.53 • l O - 3 - ^ ] " 1 ^ m \ 
The standard deviation is as for Z. 
Specific Heata 
cp = 5195. J/kg • K, (4-4) 
cy = 3117. J/k?- K, (4-5) 
1 ' cp/°v = K 6 6 6 7 - <4"6> 
The standard deviation, 9, is at 273 K about 0.05% at a pressure of 
1 bar and 0.5% at 100 bar, decreasing to 0.05% at high temperature at all 
pressures, i .e. • « 0 .05p' 0 , 6 " " - ' ( T / T ^
 ( 4_7 ) 
Coefficient of Dynamic Viscosity 
M- 3.674- 10"7T°'T - 1.865- 10"5(T/To)0'7 kg/m-S. (6-1) 
The standard deviation, t, ia about 0.4% at 273 K and 2.7% at 1800 K, 
i .e. e • 0.0015 T%. (6-3) 
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Coefficient of Thermal Conductivity 
k « 2.682 • 10"3(1 + 1.123 - 10"3P) T < 0 - 7 1 (1 " 2 ' 1 0 P J ) (7-1) 
= 0.144(1 + 2.7 • 10"*P) (T/To) (0-71 0 " 2 " '<>" ?)) w / m . JJ. 
The standard deviation, o, is about 1 % at 273 K and 6% at 1800 K, 
i .e. o= 0.0035 T%. (7-4) 
Prandtl Number 
Pr = cp { 
1 + 
, 0.6728
 ( T . T j-(0.01 - 1.42 • 10~4P) 
1 + 2.7 • 10"4P ° 
p,. . 0.7117
 T - (0.01 - 1.42 • 10"4P) ( 8 _ , } 
1.123 • 10"3P 
The standard deviation is o • 0.004 TV (8-2) 
3. GAS LAW 
The ideal gas law or the ideal equation of state is the p-v-T relation 
for an ideal gas: 
p • v = K • T (3-1) 
2 
p, pressure, N/m 
Q 
T, specific molal volume, m /kg-mole 
R, universal gas constant, 8314.5 J/kg-mole • K 
T, absolute temperature, K. 
For a noble gas such as helium the real p-v-T relation deviates little 
from the real gas law at the pressure and the temperature in a reactor 
core. The deviation increases numerically with pressure and decreases 
with temperature. If the ideal gaa law ia applied to helium at a pressure 
of 60 bar and a temperature of 350 K, the deviation from the real gas law 
ial.SH. 
In calculations where »uch d**tttkm» art allowable, tta idW'!•****-' 
can therefore kV applied; Ttte wtottAdar weight df bettts* t» 4V »w»Y a t f « 
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this gives the following gas law for helium when considered an ideal gas: 
„„„ P - ' ° S ,„ * J (3-2) 
2077.3 • p • T l ' 
P, pressure, bar (1 bar = 105 N/m = 0.9863 phys. atm) 
p , mass density, kg/m . 
In some calculations it might, however, be desirable to operate with 
an expression which gives a greater accuracy. 
This is normally done by introduction of the compressibility factor, Z, 
in the gas law: 
irrr = z • <3-3> 
The compressibility factor, Z, can be determined by consideration of 
the virial equation of state. 
An equation of state for a gas is a relationship between the character-
istic force, the characteristic configuration and the temperature. For an 
ideal gas the pressure 1B the only characteristic force, the volume being the 
characteristic configuration, but other forces must be taken into account 
for a real gas if the pressure is not very low. This can be done by adding 
force-describing terms to the ideal equation of state. 
Virial equations are power expansions in terms of volume or pressure 
respectively 
p . v = A(l + £- + Sj . . . ) (3-4) 
v 
2 
p - v = A+ B - p + £ i 2 - p 2 + (3-5) 
The coefficients A, B, C and so on are named virial coefficients, i . e. 
they are force coefficients. The virial coefficients are obtained experi-
mentally by fitting of the power series to measured isotherms of the gas. 
This gives a different set of coefficients for each Isotherm, and thus the 
virial coefficients are temperature-dependent. 
Equation (3-5) converges less rapidly than eq. (S-4) and thus requires 
more terms for equal precision. Thia ie of minor importance for density 
determination, for which only the first correction t(rm, the second virial 
coefficient, B, U »igniflcant except at extremely high prsasur*. The 
virial equation of Stat* sufficient for dansity caleulaiioa of Ujht noble | i u u 
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i s then: 
p - v " A + B • p. (3-6) 
A system of units often used in this equation is the Amagat units. In 
this system the pressure p a is in atm, and the volume vQ is expressed in 
the normal molal volume as a unit, writing 
p a - v n = A + B - p a = AQ £ + B - p a , (3-7) 
o 
A i s the ratio of p • v at zero pressure to p • v at the pressure 
of 1 atm, or 
A 0 - 1 - B 0 . (3-8) 
B is the coefficient B at 0 °C, measured to be between 0.5 • 10" 
° -3 
and 0.54 • 10 . Equation (1 -7) becomes 
Pa* v n ° 0 - B 0 ) £ + B - P f t , (3-9) 
o 
and eq. (1 -9) can be rearranged to give the following form: 
P. • »_ • T Ka n i o 
On the left-hand side the correcting term, BQ, should not be omitted, 
but on the right-hand side it is negligible, so 
p • v • T T 
Eq. (1 -9) then becomes 
Z - 1 + -$• B • p a . (3-U)k 
It 1« obvious ilml i£ U can be expressed with sufficient accuracy by 
B • B, (-£)". (»- '3) 
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B. being a constant, then a very simple equation for Z i s obtained: 
Z = 1 + B, • pa(,ji-) . (3-14) 
In the following such an equation is established, and by means of this a 
simple equation for the density is derived. 
Reported measurements of isotherms of helium are most frequently 
presented with the second virial coefficient, B, as a function of temperature. 
The latest measurements, Stroud, Miller and Brandt, 1960, however, 
give Z directly, but at about room temperature only. It is notable that 
(Z - 1) is found to be strictly proportional to the pressure over the entire 
pressure range investigated, 10 to 275 atm. For comparison with other 
measurements the results are converted into values of B by means of eq. 
(1 -1 2) and plotted in fig. 1 together with older measurements as follows. 
The shaded area in fig. 1 represents measurements carried out until 
1 940, discussed by Keesom, 1 942, who adopts the dotted line as representa-
tive. Measurements reported by Schneider and Duffie, 1 949, and Yntema 
and Schneider, 1950, are also included. 
Although the reproducibility for each investigation is within 1 %, the 
results deviate by 4% at room temperature. Bearing in mind, however, that 
this corresponds to deviations of only 0.3% in Z at 100 atm, it seems most 
likely that such deviations can occur between two different investigations or 
from one method of measurement to another. 
The two curves b and c in fig. 1 are the results of calculations based 
on intermolecular potentials, as will be dealt with later. 
The curve adopted for this work is the full line in the figure. This func-
tion is 
B • 0.537- 10"3 ( £ ) - 0 ' 2 . (3-15) 
o 
Eq. (3-14) is then 
Z - 1 + 0 .537- 1 0 - 3 p a ( ^ . ) - K Z . (3-16) 
o 
With -the pressure, F, in bar the adopted function is 
Z ' 1 + 0.53- 10"3 F . H . (3-17) 
( T / T / 7 ^ 
O 200 400 600 800 1000 1200 MOO 1600 
• ' i 1 I I I i 
-200 0 200 400 600 BOO 1000 1200 
' ' i Imperative *C 
Fig. 1 
a Adopted t y Keoaom, 1 M2 
b Maeon an-i Rie*, 1 9M. "Exp-8" potential 
c Amdur aid Mason, 1 958. Inverae power pot. 
A Adopted for thi« work, B • 0. J37 - 1 0"3(T/T()Jafe'* 
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Then the equation of state (eq. (3-2)) for helium becomes 
mi.*?,, it •« + o.w. 10_srø~rrr • < 3 " ' 8 > 
Mass Density 
Rearrangement of eq. (3-18) gives the density of helium. 
p = 48.14 f [ ' + ° - 4 4 4 6 T T s ] <3"1 9 ' 
" °-
,762J
 TT7T? [ ' + o-53 * ,0~3 ^ T 7 ? ] " 1 W™-
P, pressure, bar, 
T, abs. temperature, K, 
TQ - 273.16 K. 
If the first-order term alone i s used, and the conditions are limited to 
temperatures above 500 K and pressures up to 60 bar, the accuracy i s 
better than 1.5%. For the full equation the standard deviation, » , i s about 
0.03% at a pressure of 1 bar and 0. 3% at 100 bar, i . e. c = 0.03 /P%. 
(3-20) 
Values of p calculated from eq. (3-1 9) agree very closely with the 
values calculated and tabulated by Wilson, 1960. Checks of this agreement 
were made at 1, 20 and 100 atm, at 40 ° F and 1 600 °F . The maximum 
deviation was 0.2%. Checks of agreement were also made with values 
tabulated by Holley, Worlton and Ziegler, 1959, and these showed devia-
tions up to 0.5% at 100 bar. An analysis of the report disclosed, however, 
that the authors were aware of the deviation from measured values at that 
pressure, and that the deviation may have been allowed with the aim of 
establishing a formula which covered pressures up to 1000 atm. 
4. SPECIFIC HEATS 
At the zero condition, p -• 0, the molal specific heats, C at constant 
pressure and C y at constant volume, for an ideal monatemic gas with the 
molecular weight M can be shown to be 
- • a -
C = 2.5 R/M J / k g - m o l e - K. (4-1) 
C y = 1.5 R/M J/kg-mole • K. (4-2) 
The ratio C ^ C y i s correspondingly 
Y =
 V C v * 5f3' (4"3) 
For a real gas the specific heats can be determined from measurements 
of the isenthalps and C from direct measurements, while Y can be derived 
indirectly from measurements of the speed of sound. In the case of helium 
such measurements do not appear to have been performed with an accuracy 
better than the actual deviation from the above-mentioned basic figures, the 
deviations being very small . 
C , C and Y can also be derived from the virial equation of state. 
-V ~v >2D / ! 1_2 In such expressions the quantities depend on dB/dT and a B/dT , and 
these derivatives will differ substantially from one function to another for 
the second virial coefficient, B, shown in fig. 1. Calculations indicate that 
the deviations from the basic figures at 100 bar are about 0.5% at room 
temperature and about 0.05% at 1000 K. Such deviations are insignificant 
for engineering purposes for which reason C , C and Y can be regarded 
as constants and the deviations regarded as the standard deviations. 
In practical units the specific heats of helium are: 
(4-4) 
(4-5) 
c - 5195. 
c y - 3117. 
and 
• • * -
 c p / c v ' 
J/kg • K, 
J /kg • K, 
1 .6667. (4-6) 
The standard deviation is a - 0.05 p ' 0 - 6 " °"' *T' T o % . 
5. CORRELATION FORMULAE FOR VISCOSITY AND CONDUCTIVITY 
For the purpose of the following part of the report, which i* to estab-
lieh the molt realistic values for the transport properties: viscosity and 
thermal conductivity. It »ould be quite satisfactory only to examine the 
experimental data if sufficient and reliable data were available. A ( r sa t 
many measurements on the subject are reported, most of th*m<*t tempera-
ture* below 1 000 K, and only a few at tllgner temperatur««. *J>» tesi^Hs, 
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however, deviate much more from one Investigation to another than the 
claimed accuracy of each investigation accounts for, for which reason it Is 
necessary to perform a judgement in order to select the most probable 
values. For guidance in performing such judgement and especially for 
judgement of the values at higher temperatures it is relevant to examine 
the resul ts evaluated by means of the statistical mechanical theory of gases . 
It must, however, be pointed out that even advanced theories cannot a t 
present predict values of |i and k unless some values a r e already known 
from experiments. The theoretical formulae derived in such a way can be 
used to interpolate between the known values, but cannot improve the a c -
curacy determined by the experimental values, and extrapolation to higher 
temperatures is bound to be very uncertain since whole families of func-
tions can be brought to fit the medium temperature data, giving greatly 
differing extrapolated values at high temperature. 
In the following a brief and not a t all complete evaluation of the depen-
dencies of the viscosity, conductivity and Frandtl number on the pressure , 
temperature and molecular quantities is outlined. 
The conductivity and the viscosity of the gas describe the overall t r a n s -
port ra tes of heat and momentum transferred within the gas by molecular 
transport. 
The coefficient of viscosity, a , i s defined by the equation for the 
momentum current density, the amount of convective momentum paral lel 
to the y-axls transferred per unit t ime acrosc a unit a rea perpendicular to 
the direction in which the convective velocity changes, the x-axis, 
, u v i • - u - f ^ . (5-1) 
The coefficient of conductivity, k, is defined by the law ot Four ier a s 
q = -k -g . (5-2) 
q i s the energy current density due to temperature gradient, i. e. the 
energy which crosses per unit t ime through a unit area perpendicular to the 
direction in which the energy flows, the x-axis. 
The simplest model that is applied for theoretical considerations of the 
transport properties of gases la the so-called billiard-ball model, the mole-
cules being regarded as rigid spheres with the diameter «, moving freely 
among each other. 
From the definitional equations < 6-1) and (5-2) it follows that 
- 1 5 -
1 - d u v 1 
] - - yuuvV -jJ. giving u * •nmvX, 
and 
« " - 3 » C m o l ' X l i 8 i v i n e k " 7 n C m o l * X -
where n i s the number of molecules per unit volume, m the molecular 
mass , C j the specific heat per molecule, v the speed which is propor -
tional to YkT/m, and X. the mean free path proportional to l / (nxo ) . k i s 
Boltimann's constant. 
The properties can therefore be expressed as 
/ s m k T 
(5-3) 
% (5-4) 
The rigorous theory for rigid-sphere molecules predicts that the 
values of a and p° are 
_ 5 . - _ 25 
a -
 n and P - •JJ . 
As a result of this theory insertion of a and p gives the following 
equations, expressed in practical units (o i s in A): 
a « 2 .6693- I0" 6 H ^ kg/m • s , (5-5) 
k = 2.5 |i • c y W/m • K . (5-6) 
From this it follows that the Prandtl number i s 
» • c 2c , 
V 
These expressions show that both v**cu8ity and conductivity mm ease 
with temperature as YT" and are independent of the pressure. Experiments 
show that the conductivity i* slightly dependent o.i p r e s su re , which can be 
verliieu by a more eiabomt* theory, ar,d that the temperature dependence 
is actually conBiderably grea ter . F o r explanation of thi« a more advanced 
molecular mo4*l &u*\ be axAgjined, taking the jutennolocvia/ force ^nto, 
consideration. 
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The usual approach to the problem assumes an analytical form for the 
intermolecular potential, and after the necessary calculations the result is 
compared with available data for selection of the parameters of the potential 
in order to verify the assumed model. Such a potential is sketched in fig. 2. 
v(r) is the potential energy of two molecules at a separating distance, r , c 
i s the depth of the potential energy minimum, r i s the value of r for the 
minimum, and o i s the value of r at which ?(r) is zero. 
Fig. 2 
Potential energies of a pair of helium atoms 
as a function of the separating distance, r , 
between the centres of the two atoms. 
The general equation for the viscosity deduced from an intermolecular 
potential function is 
, , - 2 .0693 . VS"6
 g V ! , , V ^ (5-8) 
« 5. 34 • 10 n 
where M is inserted with its value for helium, 4 .003. Further 
- 1 7 -
T is the reduced temperature, T k /« , 
1 6 k, Boltzmann's constant = 1.3805 • 10" erg/K, 
t , the potential parameter, erg, and 
a is the potential parameter, A. 
As it will be seen u. is derived from the viscosity predicted by the 
rigorous rigid-sphere theory by division by the collision integral fl' ' ' (T*). 
The required formulae for calculation of the collision integrals are 
discussed by Hirschfelder, Curtiss and Bird, 1954, "Molecular Theory of 
Gases and Liquids". 
In the 3rd approximation, which is normally used, the coefficient of 
viscosity i s given by 
H3 = f, ^ • (5-9) 
Correspondingly the coefficient of thermal conductivity i s given by 
,(3) 
k 3 * 2 - 5 - c v - * 3 7T3V ( 5- , 0> 
|i 
The ratio f.* '/f' ' is close to unity. 
The equations are not corrected for quantum effects. For helium such 
a correction would amount at the most to 0.3% at room temperature and be 
vanishing at higher temperatures, and it can therefore be neglected. 
Tables for the collision integral and the factors I and f^  are readily 
available for many potential functions. 
For the present work a very simple function i s chosen for correlation 
of the experimental data of the viscosity: 
u - a - T b . (5-11) 
The conductivity data are correlated with a similar equation. 
Such an equation i s deduced from the inverse power potential function 
, ( r ) . e ( o / r ) \ (5-1 i j 
for which the collision integral 1«; 
- 18 -
The viscosity i s then: 
-6 T ' / » T ^ 
= 5. 34 • 10 
-eft /«)2 /6
 T d/2+2 /6 ) 
= 5.34 • 10 " iSi«^ ± _ _ . . (5-14) 
o (») 
The quantity W..* only depends on o. Its value has been calculated by 
several authors, latest by Le Fevre, 1 958. It i s unity at b = oo, and 1.0557 
at 6= 2. 
As will be seen, the equation has the form of eq. (5-11), p s a * T . 
For most gases this is not a very good correlation formula for the 
transport properties at about room temperature, while it is very good at 
high temperature. For helium, however, characterized by its extremely 
small attractive intermolecular forces, the equation is superior to most 
others as will be demonstrated in the next section. 
As an illustration of the development in the knowledge of the transport 
properties of helium through the years, fig. 3 is presented. 
Curve I represents measurements of the viscosity of helium performed 
up to 1 940, surveyed by Keesom, 1942. Curves 2 and 3 are predicted extra-
polations calculated by Amdur and Mason, 1958, and Lack and Emmons, 
1965, respectively. Curve 4 is the result of the present literature survey 
which will be discussed later. As will be seen from curves 1 and 4 there 
is a trend to accept higher values of viscosity in recent years. Curve 5 
represents measurements of the thermal conductivity of helium till the 
beginning of (he fifties reported by Hilsenrath and Touloukian, 1954. Amdur 
and Mason (curve 2) keep the Prandtl number constant at 0.666, and Lien 
and Emmons (curve 3) take the Prandtl number equal to 0.6718 for the 
temperature range shown in the figure. Curve 6 was calculated by Mann, 
1960, on the basis of measurements carried out by Mann and Blais, 1959. 
Curve 7 is the result of the present work. As in the case of viscosity there 
has been an increase in the accepted values of thermal conductivity through 
the years, but the two increases have not been simultaneous, and this has 
caused much trouble for those trying to find an intermolecular potential 
that might suit viscosity as well as conductivity data. In the fourties the 
ratio of viscosity to conductivity was increasing with temperature, and this 
indicated that the Prandtl number would increase with temperature. In the 
fifties higher values of conductivity data were reported, indicating decreas-
ing Prandtl numbers. However, more recent measurements of the viscosity 
273 
«• Ab*, fempcrotur* T K 
500 1000 
- 1 9 -
2000 5000 8000 
273 500 1000 
* Ab». Ttmperotur* T K 
Fig. 3 
2000 5000 •000 
Viscosity aad ccndacttvity of helium at 1 bar 
1 - Kttsom, 1 942 
2 - Am dur aod Mason, I 958 
- Lick aad Fmmor«, 1 965 
tht» » « * . • • 1. » 5 • f e"5(T/T0)0- 7 0 
HLUenrata aad Ton'.oqkian, I 964 
II 
7 - tb> røfc, * tt, 1 4* W/T 0 ) ' 0.71 
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over an extended temperature range show good agreement with the theory 
when treated together with newer conductivity data as pointed out in an 
article "Discrepancies Between Viscosity Data for Simple Gases" by H. J. M. 
Hanley and G. E. Childs, 1968. 
6. VISCOSITY DATA 
The following equation, which is of the form of eq. (5-11), is adopted 
for the present work as being the best expression for the viscosity data of 
helium: 
H = 3.674 • 10~7 T 0 - 7 « 1.865 • 1 O"5 ( T / T o ) 0 - 7 kg/m- s (6-1) 
Fig. 4 is a devi3tion plot based on this equation. The great number of 
measurements conducted in the course of time are not shown in the deviation 
plot, since it is felt that the reveiws cited incorporate all known measure-
ments in such a way that detailed consideration of the older individual meas-
urements seems superfluous. Especially the analysis undertaken by profes-
sor J. Kestin, of Brown University, U. S. A . , establishes the viscosity at 
room temperature and some hundred degrees above with a great accuracy. 
Therefore only the following observations and interpolation formulae are 
included in fig, 3, one of them, the oldest, mostly for historical reasons. 
The numbers refer to the numbers in the graph. 
1 - Keesom, 1 942, correlates the measurements performed till that 
time at temperatures up to 1100 K with the equation: 
u = 1.894 • 10~6 ( T / T 0 ) 0 - 6 4 7 kg/m • s. 
2 - Mason and Bice, 1 954, correlate the measurements till then with 
the "Exp-6" potential and find the parameters: 
a = 12.4, r m = 3.135Å and «/k « 9.16K, 
and compare them with the Lennard-Jones (6-12) potential parameters: 
r m * 2 - 3 6 9 Å and t /k • 10.22, determined by de Boer and Michels, 1939, 
and revised by Lundbeck, 1951, compiled by Hirschfelder, Curties and 
Bird, T 934. Both potentials were shown to give good agreement to second 
virial coefficient« and to the data of the viscosity of helium available at that 
time. 
^ 
" - ^ \fø* 
V 
\ 
"*5 
^ 2 
7*^ 
^ 
< 
—*3~ 
V 
\ 
273 400 600 800 1000 1200 T K 
1200 KOO 
T K 
1600 1800 2000 
Fig, 
Dynamic viscosity »i of Helium ai 1 bar 
Deviation« in % trom n » 1.866 10"? ( T / T 6 ) 0 - 7 
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The two mentioned intermolecular potential functions have the following 
expressions. The Lennard-Jones (6-12) potential is the (6-12) form of the 
(6-n) family of potentials. 
"Exp-6" potential: 
^) = rr?oM[! e - ( - ( ' - t ) ) - (^ ) 6 ] ' r>r— 
»w * ». r<rmaX' >
6
-
2> 
where a is a dimensionless parameter. 
The (6-n) family: 
, (r) = c -JLg. (»)6/C-6) [ (£)" - ( | ) 6 ] . ,6-3) 
For the notation see fig. 2. 
3 - Mann. 1 960, deducts the viscosity from measurements of thermal 
conductivity carried out by Mane and Blais, 1 959, at high temperatures. 
1 200 - 2000 K, and uses the exponential potential: 
, (r) = £• e o ( 1 _ r / r c > . (6-4) 
This potential may give the best fit to experimental viscosity data. An 
alternative form, employed by Amdur and Mason, 1 958, and by Monchick, 
1959, is 
<P(r) = e o • t" r / p . 
These potentials unfortunately do not give a simple equation for the 
viscosity suitable for engineering purposes as does the inverse power 
potential chosen for this work. 
4 - Kestin and Leidenfrost, 1 959, perform measurements by means of 
the oscillating disk method. The results are marked with ovals. They 
correlate the data together with existing measurements at higher tempera-
tures with the "Exp-6" potential obtaining the parameters: o • 12.4, r • 
3.225 A and s/k - 6.482 K. For the Leonard-Jones parameter they find: 
r • 2.482 and «/k - 69.08. 
m ' -
5 - DiPippo and Keetin, 1968, refine the oscillating disk method to 
still greater accuracy, a precision of 0.05%, and obtain the results marked 
with circles. They correlate with the "Exp-B" potential, with the parameters: 
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a = 12.4, r m = 2. 7254 and c/k • 36. J 2. For the Lennard-Jones potential 
they determine the parameters r = 2 . 4 2 2 0 and c /k = 86.20. 
6 - Guevara, Mclnteer and Wageman, 1969. These viscosity measure-
ments were performed by the capillary tube method in the temperature range 
1100 to 2150 IC relative to the viscosity at the reference temperature, 283 K. 
The measurements are of great reproducibility, 0.1%, and accuracy, 0.4%. 
7 - Kalelkar and Kestin, 1970. In these measurements the tempera-
ture range of the oscillating disk method is extended to 1100 K. The results 
are represented by a (6-9.5) potential model with the parameters o = 2. 215 A 
a n d s / k = 73.21 K. 
The deviation plot, fig. 4, indicates that the standard deviation of the 
viscosity data is about 0.4% at 273 K and 2. 7% at 1 800 K, i. e. 
o = 0.0015 T%. (6-5) 
The potential parameters applied for fig. 4 are listed in the following 
table. Only the parameters of potentials for which c and a have the phys-
ical meaning ascribed to them in fig. 2 are tabulated, and this here applies 
to the "Exp-6" and the (6-n) potentials. The exponential and the inverse 
power potentials do not describe attractive intermolecular forces, and for 
this reason c etc. for these potentials have mathematical significance 
only. In the table r m is replaced by o, the ratio ° / r i s 0.8792 for the 
"Exp-6", o « 12.4, potential and 0.8909 for the (6-12) potential 
Potential 
"Exp-6", o * 12*4 
" 
i t 
(6-1 2) 
ii 
_ n 
(6-9.5) 
Ref. 
above 
2 
4 
5 
2 
4 
5 
7 
Source 
Mason and Rice, 1954 
Kestin and Leidenfrost, 1959 
DiPippo and Kestin, 1969 
Mason and Rice, 1954 
Kestin and Leidenfrost, 1959 
DiPippo and Kestin, 1869 
Kalelkar and Kestin, 1970 
c / k K 
9.16 
6.48 
36 12 
10.22 
69.0B 
86.20 
73.21 
9 
o A 
2.757 
2.836 
2.396 
2.656 
2.211 
2.158 
2.215 
The table indicate« th»i ' f i e newer tn«a»ur*»««w of tor vitaomity at , 
hcUum can be represented by the potential* aenUened or,\jiljmit*±y*)f 
high # a l u « of f /k are uses , 'Jh»w**» sttrv* n k r M of 4u t e c « *MOtr. 
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pared with the older values of about 1 0 K, which are, however, based on a 
much wider temperature range than the newer ones. Buckingham, Davies 
and Davies, 1957, further discuss the findings of Mason and Rice and others. 
From their detailed analyses it follows that for viscosity measurements at 
2 to 260 K the value of c /k is 9.7 to 10.3, derived from a modified "Exp-6" 
potential with a • 1 3.5, properly corrected for quantum effects. The poten-
tial also fits the older measurements of viscosity at 300 to 1000 K that are 
now supposed to be incorrect, but since the part of the potential in the 
vicinity of the energy minimum has very litt'e bearing on the calculation 
of the viscosity at these temperatures, it doe- not imply that c /k = to is 
incorrect, merely that the "Exp-6" as well as the (6-n) potential are un-
realistic for calculations when high as well as low temperatures are to be 
covered by one potential. 
The two potentials used by Mason and Rice are sketched in fig. 5A. It 
will be seen that quantitatively they differ rather much in spite of their equal 
ability to express the measured values. It is interesting to compare these 
artificial or emperically determined potentials with interaction energy func-
tions calculated on the basis of atomic physics alone. Such functions for 
helium are shown in fig. 5B; the curves correspond to different assump-
tions for the calculation. The agreement i s good as far as the order of 
magnitude of the energy minimum is concerned. Fig. 5 is sketched from 
graphs in the monograph "Theory of Intermolecular Forces" by H. Margenau 
andN.R. Kestner, 1969. 
The problem as to which part of a potential is significant for calcula-
tion of the viscosity at a given temperature has been discussed by Amdur 
and Ross, 1958, and by Kalelkar and Kestin, 1 970. Amdur and Ross present 
a very simple solution to the problem based on the inverse power potential, 
mentioned earlier. Equating the quantity W in the collision integral with 
unity, and introducing the equivalent hard-sphere diameter, oo, which at a 
given temperature gives the same value of the viscosity as does the actual 
inverse power potential, we get 
k T = q>(o0) erg, 
where k - 1.381 • I0" ' 6 erg/K. 
These considerations are valid at temperatures that are high compared 
with tiie "tejnperuturo" c / t . S iMi this i s only 10K, i . e _ t « . PJHI14- 10" 
erg, for helium, it follows that the expression i s accurate enough for helium 
already from room temperature and up. For the range of temperatures 
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considered in this work, namely 273 •• 1800 K, the range of energies is 
-12 -12 
0.04 • 10 to 0.25 • 10 erg, assuming that only one point of the poten-
tial determines the viscosity. This assumption i s , of course, not strictly 
correct since the viscosity represents a weighted average of the potential,'but 
evidently only a limited part of the potential on each side of the point in 
question is important for the determination of the viscosity at the corre-
sponding temperature. 
Kalelkar and Kestin estimate the range of separation distances, r, s ig-
nificant for the calculation of viscosities in a given temperature range by 
computing the average separating distance at a given temperature. The r e -
sult ia very much the same as estimated by the procedure of Amdur and 
Uoib. The i irr .pcr-turc range 300 t" 1! 10 K gives a rsmse of average »epar-
"-12 -12 
ation distances corresponding to energies from 0. 03 ' I 0 to 0. 1 • 1 0 
-1 2 
erg, which should be compared with c • 0.0014 • 10 erg for c /k » TO K. 
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Kalelkar and Kestin conclude that the physical significance of c i s distorted 
when c /k i s determined by fitting a potential of the types considered here 
to viscosity data at higher temperatures. 
The difference between the "Exp-6" and the (6-n) potential and their 
ability to give a precise fit to the measurements is illustrated in figs. 6A 
and GB. Fig. 6A is a plot of the deviations of the viscosity values calculated 
by means of a "Exp-6", a = 12, potential from the adopted viscosity values. 
The parameter e/k is varied from 10 to 50 K. Similarity fig. 6B i s a devi-
ation plot for the (6-9) potential with values of c/k from 20 to 80. As will 
be seen the "Exp-6" potential is superior to the (6-9) potential, but on the 
other hand, the "Exp-6" potential can be fitted to within 0. 5%, even if c /k 
is arbitrarily selected bexween 20 and 50. This indicates that the "Exp-6" 
potential is rather insensitive to a variation of the parameters. 
Fig. 7 is presented as an illustration of the features mentioned and 
also for comparison of the potentials calculated from gaseous transport 
properties with potentials derived from measurements of the scattering of 
high-velocity helium atoms performed by Amdur and Harkness, 1 954, curves 
t and 2, and by Amdur, Jordan and Colgate, 1961, curve 3. Curve 4 is 
calculated from the "Exp-6" pot., eq. (6-2), with the parameters a • 12, 
c/k - 20 K and r m = 2.925 A. Curve 5 is calculated from the (6-9) pot., 
eq. (6-3), with the parameters c/k = 20 Kand c « 2.530 A. Curve 6 is 
the exponential potential, eq. (6-4), with the parameters r = 2, a - 10 
and c/k = 560. Curve 7 is the inverse power potential, eq. (5-12), »(r) = 
7 7 - 1 0 " / r , from which the equation for the viscosity adopted for this 
work, eq. (6-1), can be derived by insertion of W,.. = 1.031. 
Of the potentials shown the exponential potential will give the best fit 
to the results of Amdui et al. when extrapolated to higher energies. How-
ever, it should be noted that none of the individual potentials seems to fit 
at all temperatures and for calculation of the different properties which 
can be computed from the intermolecular potential. As an example fig. 1 
shows the second virial coefficient, and curve b by. Mason and Rice fits 
well over the entire temperature range in spite of lack of ability of the 
potential to fit the new viscosity measurements. Curve c, an inverse 
power potential by Amdur and Mason, also fits well, but as seen from 
fig. 3 the potential gives too small viscosity values at 1000 K. 
It may be concluded that the "Exp-6" and the (6-n) potentials, although 
giving very good interpolation formulae for the properties and also being 
useful, when mixtures of helium and other gas eg are treated, do not re-
present the intermolecular forces for helium above room temperature as 
+1 
27 • 
f-so 
40 
# 
273 400 600 800 1000 1200 MOO 1600 
* - T K Fig. 6A 
Parameters 
"Exp-8 
c/k K 
za 
" potential, a 
10 
3.134 
20 
2.925 
= 12 
30 
2.809 
40 
2.728 
50 
2.663 
• 2 
-2 
^ 
vAO 
^2, 
=80 
40 
273 400 600 800 1000 1200 VM 1600 
— — T K Fig- 6B 
(6-9) potential 
Parameter« 
' --—1 
c / k K 
<r Å 
20 
2. 530 
40 
2.372 
50 
2.330 
60 
2.268 
80 
2. 200 
Deviation« in % from n - 1 . 865 - 1 0 " 5 ( T / T o ) ° ' 7 
Deviation plot« of calculated vi*co#ity coefficient« 
22 2A 26 2.8 
Pig. 7 
Infcermoleoular potential functions for helium. 
- 29 -
well as other potentials do. It seems most likely that the exponential poten-
tial i s the most versatile function particularly for temperatures higher than 
those considered in this work. The inverse power potential chosen for this 
work gives a sufficiently accurate interpolation formula of ample simplicity 
for practical purposes. 
Finally it should be noted that the viscosity is independent of the press-
ure within the accuracy of the measurements hitherto performed. 
7. THERMAL CONDUCTIVITY DATA 
The literature presents much information on the coefficient of thermal 
conductivity of helium based on measurements of the conductivity in the 
steady-state configuration in a cell with either a thin wire suspended along 
the centre line or concentric cylinders. The data at or below 1 bar are 
presented in the form of a deviation plot, fig. 8, based on the following 
equation adopted for this work: 
_4 
k = 2. 682 - 10"3(1 + 1.1 23 • 1 0"3P) T (0-71 ( 1 " 2 ' ' ° P , ) 
-4 <7-U 
= 0.144(1 + 2.7 • 10"4P(T/To) ( 0-7 ' ( '" 2 ' 1 0 P ) ) W/m K. 
P i s the pressure in bar. 
At 1 bar the pressure term i s negligible, therefore the following 
equation i s used in fig. 8: 
k = 0.144(T/To)0-7'. (7-2) 
The deviations are also given for a survey of the data presented by the' 
N. B. S . , USA, 1966, curve 6, and for the expression for the conductivity 
based on the viscosity data, eq. (5-10): 
The ratio of the correcting factors i s about 1.004. Insertion of this 
and c into the equation based on viscosity data gives: 
k - 2.51 c • >i ' 7 8 2 4 M , (7-»} 
represented by curve 9 in the figur«. 
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The deviation plot shows that the adopted values of the conductivity are 
chosen as being between the measured values and the values derived from 
the viscosity data, curve 9. It is felt that this is the most appropriate 
choice, since some uncertainty still exists as to the accuracy of both ap-
proaches to the problem. If this is taken into account, the standard devia-
tion of the conductivity d&t* calculated from the adopted equation can be 
estimated to be about t% at 273 K and 6% at 1 800 K, i . e . , 
o - 0.0035 T% (7-4) 
While the conductivity measurements at low pressure are complicated 
by the inaccuracy of the correction for the accomodation effects, measure-
ments at high pressure are difficult to perform in steady-state experiments 
because of the risk of natural convection in the gas. However, the agree-
ment of different measurements at 100 bar i s reasonably good as is evident 
from the deviation plot, fig. 9. The pressure effect i s small and seems to 
vanish at elevated temperatures. Fig. 9 i s based on eq. (7-1) for P • 100, 
i . e. 
k - 0.14789 ( T / T 0 ) 0 - 6 9 5 8 . (7-5) 
The adopted formula eq. (7-1) takes the pressure effect into account. 
8. PRANDTL NUMBER 
The Prandtl number is 
Pr = c 4j , or, by insertion of eqs. (4-4), (6-1) and (7-1): 
P r = 0.71 I I T-(0.01 - 1.42 • 10"4r) 
1 + 1.123- 10"3P 
0.6728
 ( T / T ,-(0.01 - 1 . 4 2 - 10"4P) ( g_, , 
1 + 2 .7 - 10"*P ° 
The standard deviation I I I M , 004 T%. (8-2) 
Finally it should be mentioned that the conductivity and the Prandtl 
number can be measured indirectly by shock-tube and temperature-recovery 
methods. Such measurements, however, appear to be less accurate than 
those considered in this work for which reason a detailed analysis of the 
results by those methods is not incorporated herein. 
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Last-Minute Note 
The work mentioned in section 9, Acknowledgement and Notes, by Or. 
J. W. Haarman "EEN NAUWKEURIGE METHODE VOOR HET BEPALEN 
VAN DE WAEMTEGELE1DINGSCOÉFFICIÉNT VAN GASSEN (DE NIET-
STATIONAIRE DRAADMETHODE)", Deutsche Uitgevers Maatschappij, NV, 
Delft, 1969, presents measurements of the conductivity of helium at about 
atmospheric pressure and at temperatures from 55 to 1 95 °C. The measured 
values give the points marked 10 in the deviation plot, fig. Sa. The devia-
tion are small and do not necessitate a change in the adopted formula, eq. 
(7-1), for the thermal conductivity of helium. 
• 3 
•» T K 
Fig. 8a. Thermal conductivity k of helium at 1 
Deviations in % from k - - - - — 
10 - Haarman, 1969 
0.144 (T/T0 )"> •7 , 
11. TABLES OF RECOMMENDED DATA 
The tables on the following sheets give values of tho properties at 
selected pressures and temperatures. 
Tables with smaller intervals of pressure and temperature, *j»lta|le. 
for linear interpolation, are presented in Dragon. Project B«pert Mo. M4: 
"Tables of Tb*nnopty»ic*l Properties of Heliws", *»a#d by ©, J&Cfr,
 ; 
High Temperatur« Kewtor Project, WtAOON, A. E. E. Wiabttb, Bptt$w»t»r, 
Darfti, Eufbwd, ,
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1.02120 
i.oie» 
LUS'S 
1.02912 
50.00 
76.8* 
100.00 
126.8* 
U23.1« 
*50.oo 
"»73.16 
500.00 
1.00627 
.00582 
LOOSW 
•°°513 
1.01733 
1.01575 
1.01*58 
1.013*1 
1.(112* 
1.01165 
1.01097 
1.01026 
1.02599 
1.02362 
1.02187 
1.02012 
,-6T8BT-
1.017117 
1.016*5 
1.01539 
250.00 
276.811 
300.00 
326.8* 
86 
.00*58 
1.00*36 
.00*12 
T003W 
.00375 
1.00359 
1.003*3 
1.00972 
I.OO915 
1.(10871 
LOO825 
I.OO78B 
LOO7I19 
1.00718 
1.00685 
350.00 
376.8* 
ItOO.OO 
H26.3h 
623.16 
650.00 
673.16 
700.00 
1.01182 
1.011* 
1.01077 
1.01028 
.01576 
.01*98 
.01*37 
.W371 
.01318 
.01262 
.01217 
.01168 
U50.O0 
*76.8* 
500.00 
526.8* 
723.16 
750.00 
773.16 
800.00 
1.00016 
1.00016 
1.00015 
1.00015 
1.0056* 
1.005*3 
1.00526 
1.00507 
650.00 
676.8* 
7OO.OO 
726.8* 
823.16 
850.00 
873.16 
900.00 
923.16 
950.00 
973.16 
1000.00 
1.0001* 
1.0001* 
1.00013 
1.00013 
1.00*92 
1.00*75 
1.00*62 
1.00**7 
1.00738 
LOO7I3 
1.00692 
1.00670 
1.00012 
1.00012 
1.00012 
1.00011 
750.00 
776.8* 
800.00 
826.8* 
850.00 
876.8* 
900.00 
926.8* 
1023.16 
1050.00 
1073.16 
1100.00 
1.00011 
1.00011 
1.00010 
1.00010 
1.00*35 
1.00*21 
1.00*10 
1.00398 
1123.16 
1150.00 
11-3.16 
1200.00 
1.00010 
1.00009 
I.OOOO9 
1.00009 
.0019* 
1.00189 
.0018* 
.00179 
1 . 
1.00376 
1.00369 
1.00359 
1.005BJ 
1.O0567 
1.00553 
1.00538 
950.00 
976.8* 
1000.00 
1026.8* 
1223.16 
1250.00 
1273.16 
1300.00 
1.00009 
1.00009 
1.00008 
1.00008 
1.00008 
1.00008 
I.OOOO8 
1.00007 
.00175 
.00171 
1.00167 
1.00165 
1.00351 
1.003*2 
1.0033* 
1.00326 
1.00*79 
1.00*67 
1.00*58 
1.no**7 
1050.00 
1076.8k 
1100.00 
1126.8* 
1323.16 
I350.OO 
1373.16 
1*00.00 
1.00160 
.00156 
.00153 
1.001*9 
.001*6 
.001*3 
1.001*0 
1.00137 
1150.00 
1176.8* 
1200.00 
1226.8* 
1*23.16 
1*50.00 
1*73.16 
1500.00 
I.OOOO7 
1.00007 
1.00007 
1.00007 
1.00292 
1.00286 
1.00281 
.005*9 
1250.00 
1276.8* 
1300.00 
1326,8* 
1523.16 
I550.OO 
1573.1« 
1600.00 
1.00007 
1.00007 
1.00006 
1.00006 
.00135 
1.00132 
.00130 
.00127 
1.00270 
1.0026* 
1.00259 
1.0025* 
1350.00 
1376.8* 
1*00.00 
1*26.8* 
1*50.00 
1*76.8* 
1500.00 
1526.8* 
1623.16 
1650.00 
1673.16 
1700.00 
1.00006 
1.00006 
1.00006 
1.00006 
1.00006 
1.00006 
1.0000« 
1.00006 
1.00125 
1.10122 
1.00120 
1.00118 
1.002*5 
1.002*1 
1.00236 
1.00*90 
.00*82 
.00*73 
1723.1« 
I750.OO 
1773.16 
1800.00 
1.00116 
1.0011* 
.00112 
.00110 
.00*56 
.00**9 
.00**1 
DBEm or HELIW. ? , kg/a7 •9.(3-19) -39-
XØ^NALMST? 
°c 
0.00 
26.8b 
50.00 
76.8U 
iGS.nn 
126.84 
150.00 
176.9* 
200.00 
226.84 
250.OO 
276 . 8 * 
500.00 
326.8b 
350.00 
376.8b 
1)00.00 
b26.8U 
450.00 
1*7«.« 
500.00 
526.8b 
550.00 
576.8b 
600.00 
626.8b 
650.00 
676.8b 
700.00 
726.8b 
750.00 
776.8b 
800.00 
826.8b 
850.00 
876.8b 
900.00 
926.8b 
950.00 
976.8b 
1000.00 
1026.8b 
1050.00 
1076.8b 
1100.00 
1i26.8b 
1150.00 
1176.8b 
1200.00 
1226.8b 
I230.OO 
1276.8b 
1300.00 
1326.84 
1550.00 
1376.84 
1400.00 
1*?6.9> 
1450.00 
1476.84 
1500.00 
1526.84 
K 
273.16 
300.00 
323.16 
350.00 
373.16 
boc.00 
b23.16 
b50.00 
*73.16 
500.00 
523.16 
550.00 
573.16 
600.00 
623.16 
650.00 
673.16 
JOO.OO 
723.16 
750.00 
773-16 
800.00 
823.16 
850.00 
873.16 
900.00 
923.16 
950.00 
973.16 
1000.00 
1023.16 
1050.00 
1073.16 
1100.00 
1123.16 
1150.00 
1173.16 
1200.00 
1223.16 
1250.00 
1273.16 
1300.00 
1323.16 
1350.00 
1373.16 
1VO0.0O 
1b23.16 
* 5 0 . 0 0 
1*73.16 
1500.00 
1523 ,« 
1550.00 
1573.16 
1500.00 
1625.« 
1650.00 
1*73.16 
1700.00 
1723.16 
1750.00 
1773.16 
1600.00 
Preenure t a r abs 
1 20 
0.1761b 3.b877 
0.16039 3.1792 
O.1b890 2.9537 
0.137b9 2.729b 
0.1289« 2.5615 
0.12031 2.3910 
0 . i iJ73 2.2611 
0.10695 2.1*72 
0.10171 2.0257 
0.09626 1.9158 
O.09200 1.6315 
O.08751 1.7b26 
0.08397 1.6725 
O.O8022 1.5981 
0.0772b 1.5390 
0.07b05 1.b757 
O.07150 1.b252 
0.06876 1.3707 
0.06656 1.3270 
0.06b18 1.2797 
0.06225 1.2b15 
0.06017 1.2000 
0.058b7 1.1663 
0.05665 1.1296 
O.05513 1.0998 
0.053b8 1.0671 
0.0521b 1.0*04 
0.05067 1.0111 
O.ob9b6 0.9871 
0.0b8l3 0.9607 
O.ob705 O.9390 
O.ob58b O.9150 
O.Obb85 0.8953 
O.Ob376 0.8735 
O.Ob286 0.8556 
0.0bl86 0.8356 
0.0b103 0.8192 
0.0b011 0.8009 
O.03935 0.7858 
O.03851 0.7689 
0.03781 0.7550 
0.0370J 0.739b 
0.03638 0.7265 
0.03566 0.7121 
0.03506 0.7001 
0.03b38 0.6867 
O.03362 0.6755 
0.03320 0.6631 
0.03268 0.6526 
0.03209 _J».6bW 
t).03160 0.6313 
0.03106 0.6203 
0.03060 0.6112 
0.03009 0.6010 
0.02966 0.592b 
0.02917 0.5826 
O.02877 0.57*7 
0.02832 0.56J7 
0.0279* 0.5501 
O.02751 0.5*95 
0.02715 0.5*24 
0.0267* 0.53*3 
bo 
6.50JO 
6.2993 
5.8572 
5.b16b 
5.0861 
*.7503 
b.b9b2 
b.2299 
b.0255 
3.8121 
3.6b53 
3A693 
3.3306 
3.1831 
3.0659 
2.9*0* 
2.8b01 
2.7321 
2.6655" 
2.551b 
2.b755 
2.3930 
2.3262 
2.2532 
2.1938 
2.1288 
2.0757 
2.017b 
1.9696 
1.9170 
1.8739 
1.8262 
1.7870 
1.7*36 
1.7078 
1.6681 
1.6353 
i-**3. 1.5688 
1.5352 
1.507b 
1.b76b 
1.*507 
1.b219 
1.3980 
1.3713 
1.3*9* 
1.32*2 
1.3035 
t.2802 
1.2608 
1.2391 
1.2209 
1.200b 
1 . * 3 * 
1.16*2 
1.1*61 
1.1500 
1.11*9 
1.0976 
1.0835 
1.0*7* 
60 
10.2*81 
9.5S20 
8.7116 
8.0622 
7.57*7 
7.0786 
6.6998 
6.3085 
50057 
5.6892 
5.bbl7 
5.1805 
b.97** 
b.7552 
H.5809 
4.3943 
4.2*51 
b.08b3 
3.9550 
3.8151 
3.7021 
3.5792 
3.b795 
3.3707 
3.2821 
3.1851 
3.1059 
3.0189 
2.9*77 
2.8692 
2.80b7 
2.7336 
2.6750 
2.6102 
2.5568 
2.b975 
2.bb85 
2.39b1 
2.3*91 
2.2989 
2.257* 
2.2110 
2.I726 
2.1296 
2.0939 
2.05*0 
2.0207 
1.9835 
1.9525 
1.9177 
I.8BB7 
1.8561 
1.8289 
1 . 7 9 * 
1.7728 
1.7*41 
1.7201 
1.6931 
1.6704 
1.64*9 
1.6235 
1 . 5 9 * 
8o 
15.5252 
12.3687 
11.5182 
10.6675 
10.0281 
9.3764 
8.878)1 
8.363b 
7.96*6 
7.5*75 
7.2210 
6.8763 
6.60b2 
6.31b5 
6.08b2 
s-as?-* 
5.6*01 
5.b273 
5.2562 
5.0709 
b.9212 
b.758b 
b.626* 
b.b822 
b.36b8 
b.2362 
b.13+1 
b.0157 
3.9212 
3.8171 
3.7316 
3.6372 
3.559* 
3.b73b 
3.b025 
3.3238 
3.2587 
3.1865 
3 . 1 2 « 
3.0600 
3.0048 
2.9*33 
2.8921 
2.8351 
2.7876 
2 . 7 * 5 
2.690b 
2.6*09 
2.5997 
2.353* 
2.51*9 
2.*716 
2 . * » 
2.35*8 
2.5609 
2.5227 
2.2907 
2 , J J Y 
2,22*6 
2.1907 
2.1622 
2 . 1 3 « 
100 
16.736b 
15.3210 
1b.»781 
13.233* 
I2.bb69 
11.6bb5 
11.0506 
10.5951 
9.9027 
9.3872 
8.3KK 
8.5569 
8.2200 
7.8613 
7.5759 
7.27OO 
7.0252 
6.7613 
6.5*90 
6.3190 
6.1331 
5.9309 
5.7669 
5.5877 
5.bbl8 
5.2820 
5 .15 * 
5.0079 
b.8903 
b.7608 
"•.65*5 
b.5370 
b.bbos 
b.3332 
b.2b*9 
b.1b69 
b.0660 
3.9760 
3.9015 
3.8186 
3.7*98 
3.6731 
3.6095 
3.5J8b 
3."»792 
3.M31 
3.35B1 
3.296b 
3.2*50 
3.18W 
5JJ9* 
3.085* 
3.obo* 
2.99?8 
i.¥>% 
2.6W6 
2.8600 
i<2i5J 
i.rnt 2.7555 
2.6998 
2.6596 
ifUIMUV VASUUDXXI UT HBLJ.UI I 
Multiply -^m^ rta*-*-* valnes by 10~5 to obtain viscosity In k^/a-s 
i jsnønture 
0.00 
26.8I> 
50.00 
7 « . « 
100.00 
126.84 
150.00 
176.84 
200.00 
226.84 
250.00 
276.84 
JOO.OO 
326.84 
350.00 
376.84 
400.no 
426.84 
450.00 
476.84 
50O.OO 
526.84 
550.00 
576.84 
600.00 
626.84 
650.00 
676.84 
700.00 
726.84 
750.00 
776.84 
800.no 
826.84 
850.00 
876.84 
900.00 
926.84 
950.00 
976.84 
1000.00 
1026.84 
1050.00 
1076.84 
1100.00 
1126.84 
1150.00 
1176.84 
1200.00 
1226.84 
1250.00 
1276.84 
1300.00 
1326.64 
1350.OO 
1376.84 
1400.00 
1*26.84 
1450.00 
* 7 6 . t t 
1500.00 
:?mt* 
273.16 
300.00 
373-16 
350.00 
373.16 
400.00 
423.16 
450.00 
473.16 
500.00 
523.16 
550.00 
573-16 
600.00 
623.16 
650.00 
673.16 
700.00 
723.16 
750.00 
773.16 
800.OO 
823.16 
85B.no 
873.16 
900.00 
923. ,6 
950.00 
973.16 
1000.00 
1023.16 
1050.00 
1073.16 
1100.00 
1123.16 
1150.00 
1173.16 
1200.00 
1223.16 
1250.00 
1273.16 
1300.00 
1323.16 
I350.OO 
1373.16 
i4oo.no 
1423.1é 
1450.00 
*73 .16 
1500.00 
1523.16 
1550.no 
1573.16 
1600.00 
1623.16 
1650.00 
1673.16 
1700.00 
r-23.16 
I750.OO 
1773.1« 
» 9 0 . 0 0 
FTeMur« l a r »b« 
1 . 100 
1.8648 
1.9912 
2.0976 
2.2181 
2.3199 
2.4355 
2.5333 
2.6446 
2.7393 
2.8472 
2.9389 
3.0436 
3.1328 
3.2348 
3.3217 
3.4212 
3.5061 
3.6034 
3.6864 
3.7817 
3.8630 
3.9564 
4.0363 
4.1279 
4.2063 
4.2964 
4.3735 
4.4622 
4.5380 
4.6253 
4.7OOO 
4.786O 
4.8596 
4.9444 
5.OI7O 
5.IOO7 
5 . 1 7 * 
5.2549 
5.J257 
5.4072 
5.4772 
5.5578 
5.6269 
5.7065 
5 .n^9 
5.8537 
5.9215 
5.9992 
6.0662 
6.1433 
6.Z096 
6.2860 
6.3516 
6.4272 
6.4922 
6.5672 
6.6316 
S-EJ8 1:1 
6.90«« 
6.979* 
iBRKU. comncnvm OF BELEOI, k, w> K «q.(7-i) 
-_ -
. 
TBapuftture 
O.no 273.16 
26.84 300.00 
50.00 323-16 
76.84 350.00 
100.00 373.16 
126.84 400.00 
150.OO 423.16 
176.84 450.OO 
200.00 473.16 
226.84 500.00 
250.00 523.16 
276.84 550.00 
300.00 573.16 
326.84 600.00 
350.00 623.16 
376.84 650.00 
400.00 673.16 
426.84 700.00 
450.00 723.16 
476.34 750.00 
500.00 773.16 
526.84 800.00 
550.00 823.16 
576.84 850.00 
600.00 873.16 
626.84 900.00 
650.00 923-16 
676.84 950.00 
700.00 973.16 
726.84 1000.00 
750.00 1023.16 
776.84 1050.00 
800.00 1073.16 
826.84 1100.00 
850.00 1123.16 
876.84 1150.00 
900.00 1173.16 
926.84 1200.00 
950.00 1223.16 
976.84 1250.00 
1000.00. 1273.16 
1026.84 1300.00 
1050.00 1323.16 
1076.84 1350.OO 
1100.00 1373.16 
1126.84 1400.00 
1150.00 1423.16 
1176.84 1450.00 
1200.00 1473.16 
122SS4 1500706 
4250.60 1523.16 
tSffcBS 1550.06 
1300,00 1573 .« 
I J t * ' - I 600 , * ' ' • 
1350JC 1623. H 
1376.84 1650.00 
1400.0» 1673.1« 
* 2 6 J 4 WOO .<*> 
«76.»4 f r ø . « 
1300.0?-. * m . * r 
15« A *».«• 
1 
0.1440 
0.1533 
0.1623 
O.1717 
0.1797 
0.1888 
0.1965 
O.2053 
0.2127 
0.2212 
0.2284 
0.2367 
0.2437 
0.2518 
O.2587 
0.2665 
0.2732 
0.2809 
0.2875 
O.2950 
0.3014 
0.3088 
O.3152 
0.3224 
0.3286 
0.5358 
0.3419 
0.3489 
0.3549 
0 . 3 6 * 
0.3678 
0.37*6 
0.3804 
0.3872 
O.3929 
0.5996 
0.4053 
0.4118 
0.4175 
0.4239 
0.4295 
0.435? 
0.4414 
O.4478 
0.4532 
0.4595 
0.4648 
0.4711 
0.4764 
0.4825 
0.4878 
0.4939 
o.»99l 
- 0 , « 0 . 5 * 3 
0.5163 
0 . 5 c * 
o'.tm, 
Pressure b«r abs 
20 4n 60 80 WO 
0.1449 
0.1548 
0.1S32 
0.1727 
0.1807 
0.1897 
0.1975 
0.2062 
0.2137 
S. 2222 
O.2294 
0.2377 
0.2447 
O.2528 
0.2596 
0.2675 
0.2742 
0.281? 
0.2884 
0.2960 
0.3024 
0.3098 
O.3161 
0.3234 
0.3296 
0.3367 
0.3426 
O.349B 
0.3558 
0.3627 
0.3687 
0.3755 
O.3813 
0.3880 
0.3938 
0.4004 
0.4061 
0.4126 
0.4163 
0.4247 
0.4303 
0.4367 
0.442? 
0.4485 
0.4539 
0.4602 
0.4655 
0.4717 
0.4771 
0.48&V 
0.49*5 
0.4997 
0.5057 ' 
0.5109 
0 .5K9 
0.52t0 
o'.^m. 
0.1457 
0.1557 
0.1640 
0.1755 
0.1815 
0.1906 
0.1984 
0.2071 
0.2146 
0.2231 
0.2303 
O.2386 
0.2456 
0.2537 
0.2605 
0.2684 
0.2751 
0.2827 
0.2893 
0.2968 
0.3033 
0.3106 
0.3169 
0.3242 
0.3304 
0.3375 
0.3436 
0.3506 
0.3566 
0.3635 
0.3694 
0.3762 
0.3820 
0.3887 
0.3945 
0.4011 
0.4068 
0.4133 
0.4189 
0.4254 
O.4309 
0.4373 
0.4427 
0.4491 
0.4545 
0.4607 
ill 0.6889-
0.4949 
0.5001 
0,5061 
0.5115 
0.5172 
0.5W? 
o.f»-
o°:8R. 
0.1465 0.1472 0.1479 
0.1565 0.1572 O.1579 
0.1648 0.1656 0.1662 
0.1743 c 1751 0.175? 
0.1824 0.1831 0.1837 
0.101S 0.1922 0.1028 
0.1992 0.1999 0.2005 
O.2O79 0.2087 0.2093 
O.215S 0.2161 0.2167 
0.2259 0.2246 0.2252 
0.2311 0.2318 0.2324 
0,2394 0.2401 0.2407 
0.2464 O.247I 0.2477 
O.2544 0.2551 0.2557 
0.2613 0.2620 0.2625 
0.2691 0.2696 O.2703 
O.2758 0.2765 0.2770 
0.2835 0.2841 0.2846 
0.2901 0.2907 0.2912 
0.2976 0.2982 O.2966 
0.3040 0.3046 O.3050 
0.3113 0.3119 0.5124 
0.3176 0.3182 0.3186 
0.3249 0.3254 O.3258 
0.3311 0.3J16 0.3320 
0.3382 0 3387 0.3390 
0.3442 O.3U7 0.3(51 
0.3512 0.3517 0.3520 
0.3572 0.3577 0.3580 
0.3641 0.3645 0.3648 
O.3700 0 . 3 7 * 0.3707 
0.3768 0.3772 0.377H 
0.3P26 O.3830 0.3832 
0.3893 0.3896 O.389B 
0.3950 0.5954 0.3955 
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